CONTROL VALVE ASSEMBLY OF ASSEMBLY-INJECTION-MOLDED 

CONTROL VALVES OR VALVE MODULES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of international application no. 
PCT/EP00/03673, filed April 20, 2000, designating the United States of 
America, the entire disclosure of which is incorporated herein by reference. 
Priority is claimed from Federal Republic of Germany patent application no. 
199 18 777.0, filed April 24, 1999. 

BACKGROUNG OF THE INVENTION 

The invention relates to a control valve assembly comprising at least 
two control valves produced by assembly injection molding, a process in which 
a molded part is produced assembled to another part by injection molding it 
in place in the other part. The invention further relates to a control valve 
module comprising a plurality of such control valve assemblies. 

The use of control valves that are injection molded at the time of 
assembly is known, for example, in the automotive field. Karlsson et al., U.S. 
Patent No. 5,304,336 (=EP 482 272) in Figure 5 illustrates the production 
process for assembly-injection- molded control valves. These control valves are 
produced in a mold. Core inserts 3, 4, 7, 8 can be moved within the mold in 
such a way that the valve blades and the shaft can be produced in one piece in 
the previously injection molded valve frame. Since the plastics of the valve 
blades and the valve frame do not adhere to one another, the vanes and frame 
can be moved relative to each other in the finished assembly. 

Assembly-injection-molded control valves can be used as individual 
components or can be combined into an assembly, e.g., in internal combustion 
engine air intake pipes. For example, published European patent application 
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no. EP 747 587 Al proposes a series connection of assembly-injection-molded 
control valves which have a common axis of rotation (compare Figure 3). 
These control valves are connected with one another by cranks 17, 18, with a 
plug-in connection 19, 20 provided at the ends of the cranks. By providing 
cranks, it is possible to transmit sufficiently large torques to actuate the 
control valve. Furthermore, relocating the connection outside the axis of 
rotation makes it possible to obtain sufficient angular accuracy between the 
control valves. Such a control valve assembly has drawbacks, however. 
Providing cranks increases the material required for the component and 
ultimately also the component costs. In addition, the cranks, as movable 
components, require room for action, which must be available at the mounting 
location. This is feasible in the described application since the control valves 
are adjacent to the plenum of a suction pipe (compare Figure 1). There are 
applications, however, where installation space is severely limited. 

Particularly if the control valves are to be arranged in the intake 
channels of an air suction pipe just ahead of the cylinder inlets, the available 
space is very limited due to the large number of functional components, such 
as the intake valves. If there is more than one intake channel per cylinder, it 
is frequently desirable to be able to selectively shut off some of the channels. 
In this case, the cranks, assuming a common axis of rotation of all valves, 
would be located precisely in the area of the second, non-closable intake 
channel where, depending on their position, they would have an adverse effect 
on the flow within the intake channel. In these cases one would therefore have 
to resort to constructing the valve assembly of metal, since the greater rigidity 
of this material makes it possible to arrange the control valves on a shaft. 
Such an arrangement is known, for example, from US patent no. 5,603,269. 
The control valves are mounted on the shaft, for instance by means of screws. 
This causes higher production costs, however, compared to a control valve 
assembly that is injection molded at the time of assembly. In addition, 
assembly is more complex, since the suction pipe housing must be divided in 
the plane of rotation of the valves to facilitate installation of the valve 
assembly. 
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SUMMAKY OF THE INVENTION 

It is therefore an object of the invention to provide an assembly- 
injection-molded control valve assembly which permits actuation of said 
assembly in a very limited installation space. 

This and other objects of the invention are achieved by the invention as 
described and claimed hereinafter. 

The control valve assembly according to the invention comprises a 
plurality of control valves or valve modules that are suitable, for instance, to 
throttle intake channels of an air intake manifold for an internal combustion 
engine. In the following discussion, it should be understood that control valves 
may be constructed as valve modules, e.g., constructed of assembly injection- 
molded control units. The control valves are produced by assembly injection 
molding techniques and comprise valve blades, which should be understood to 
refer to the entire part which is movable in the valve frame, including the 
shaft extensions by which the flap is rotatably mounted. In order to transmit 
an actuating force from one valve blade to another, a shaft is provided that can 
be turned to simultaneously rotate the valve blades. Because this shaft must 
lie precisely in the axis of rotation of the valve blades, little space is required 
for the control valve assembly. Thus, such an assembly can be installed, for 
example, in the intake channels of an internal combustion engine air intake 
manifold leading to the engine cylinders so as to save space. It is also possible 
to achieve selective inlet closure if there are several intake channels per 
cylinder. In this case, the valve shaft extends through each of the non-closable 
intake channels without blocking them. 

According to one advantageous embodiment of the invention, at least 
one of the bearings in the valve frame on both sides of the valve blades has a 
conical configuration. These conical bearings are formed by the valve shaft 
and the mounting hole or receptacle in the valve frame. The conical outer 
contour of the valve shaft in the area of the bearings is preferably formed by 
the injection-molded component that also produces the valve blade. The 
receptacle hole in the valve frame need not necessarily be produced by drilling. 
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It is also possible to originally form this hole by using appropriate core inserts 
in the injection mold in which the mounting frame is formed. In this case, the 
mounting holes in the valve frame must have a conical configuration that 
corresponds to the conical configuration on the valve shaft. 

The base of the cone may face either the exterior of the valve frame or 
the interior of the valve frame. Which of the two directions of the opening is 
more appropriate in the individual case depends on the material selected, as 
will be described in greater detail below. 

Normally, when the temperature or the air humidity decreases, the 
valve will shrink more than the valve frame. In such a case it is better to 
provide a conical bearing configuration which diverges toward the exterior of 
the frame. Shrinkage of the valve shaft has an axial and a radial component. 
The radial shrinkage component enlarges or produces a gap between the 
conical seat in the valve frame and the conical surface on the valve shaft. At 
the same time, however, axial shrinkage of the valve shaft causes the axis to 
be shortened so that the gap thus produced is compensated. It is therefore 
necessary to fix the valve shaft axially. This can advantageously be 
accomplished by providing a second conical area at the other end of the valve 
shaft. However, a shoulder on the shaft can also ensure axial fixation. Of 
course, the valve blades also provide axial fixation of the valve shaft. They 
limit the axial play of the valve shaft in the opening of the valve frame. 

The angle of divergence of the cone can be selected as a function of the 
materials used and the dimensions of the control valve such that the axial and 
radial shrinkage component of the valve shaft is compensated. Alternatively, 
the angle of divergence can also be selected in such a way that a slight axial 
stressing (tensioning) of the valve shaft is achieved when the temperature 
decreases. This makes it possible to compensate tolerances in the valve shaft 
and the valve frame while ensuring a play-free bearing arrangement of the 
valve shaft in the valve frame throughout the tolerance range. Valve shaft 
undersizing in the low temperature range will simultaneously compensate 
wear. 
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A significant advantage of the conical configuration of the bearings, 
however, is that it limits bearing friction irrespective of the operating 
temperature. In this way it is possible to maintain the operating torques 
needed to adjust the valves within limits. This has the advantageous effect 
that even if the actuating shaft has little torsional rigidity, which is true, for 
instance, if it is made entirely of synthetic resin material, high requirements 
regarding angular misalignment between the control valves can be met. Of 
course, low switching forces also affect the dimensioning of the valve actuator, 
which under these conditions can have smaller dimensions. This saves weight 
as well as production costs and can furthermore create the conditions making 
it possible to drive the valve actuator by means of the negative pressure 
present in the intake pipe. 

In a further embodiment of the invention the valve frames are provided 
with positioning pins. These positioning pins correspond with mounting holes 
in the seats for the control valve assembly, so that mounting is simplified. In 
addition, a precise fit is then necessary only between the holes and the 
positioning pins, while the seats can have larger tolerances. This has a positive 
effect on the manufacturing economics of producing the suction pipe. If the 
positioning pins advantageously are slightly oversize so that they have an 
interference fit relative to the holes, the control valve assembly is already fixed 
when it is inserted into the holes. It cannot fall out while the intake pipe is 
being handled prior to mounting. In the finally mounted state of the intake 
pipe, the control valve assembly is fixed in position by the adjacent seals. 

In one advantageous embodiment of the invention, the control valve 
assembly is constructed of individual valve modules. These modules preferably 
consist of individual control valves, but may also be combined, e.g., into units 
of two control valves. The valve module furthermore has at least one shaft seat 
to allow adjacent valve modules to be connected so that they will move 
together as a unit. 

It is furthermore advantageous to provide the valve modules with an 
injection- molded shaft extension. The length of this shaft extension is selected 
in such a way that it bridges the distance to the next valve module. At its end, 

-5 - 



the shaft extension is provided with a shaft lug that engages the above- 
described shaft seat of the next module. This creates a connection that is 
rotationally secure, thereby enabling a single drive unit to transmit the 
switching torque to all the valves. It is of course also possible to provide the 
shaft seat in the shaft extension and to injection mold a connecting lug onto 
the adjacent valve module. 

Direct torque transmission between the valve modules by an injection- 
molded valve extension made of synthetic resin material presumes that the 
operating torque of the individual valves is low enough that the angular 
tolerances required between the individual flaps can be met. This can be 
accomplished by using the above-described conical bearings in the valve 
modules. 

In a modification of the valve modules, an insert with greater torsional 
rigidity is molded within the valve shaft extensions. This insert may, for 
example, be a steel tube. This increases the overall torsional rigidity of the 
control valve assembly and also makes possible the transmission of greater 
switching torques. In the case of low switching torques, the angular accuracy 
between the individual valves can be further increased by the described 
measure. The insert has the further advantage that the expansion of the shaft 
extensions between the valve modules caused by the operating temperatures 
can be limited. A design measure with respect to the axial expansion of the 
shaft extensions is to provide axial play compensation between the shaft lug 
and the mating shaft seat. This axial play compensation can be simultaneously 
used to compensate production-related component tolerances in axial direction. 
The valve modules can consequently manufactured with less precise 
tolerances, which improves the manufacturing economics of producing them. 

The use of valve modules makes the assemblies very versatile. These 
control valves can be used throughout the automotive field. Throttle valves are 
required, for instance, for ventilation of the passenger compartment. The valve 
modules can also be provided with two shaft seats, in which case the intervals 
between the valve modules must be bridged by short shaft connecting pieces, 
which are produced as separate parts. This achieves greater flexibility for the 
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use of the valve modules for different control valve intervals. Furthermore, the 
outermost valve module does not require a shaft connecting piece since it does 
not need to drive a valve shaft of an adjacent valve. On the other hand, the 
first control valve has to be connected to a drive unit to enable an adjustment 
of the control valves in the first place. 

A further variant of the invention provides that the control valve 
assembly be held together by an actuating shaft designed as a single part. The 
control valves are assembly -injeciton- molded onto this actuating shaft. To this 
end, the valve blades must be constructed in such a way that there is a 
rotationally secure connection with the actuating shaft, while the assembly 
consisting of the valve blades and the actuating shaft must be movable within 
the individual valve frames. 

In this embodiment, the valve frames of the individual valve blades 
need not be separate parts. It is equally feasible to injection mold a large valve 
frame for all valve blades being used. Particularly advantageous, however, is 
an embodiment with a plurality of control valves, each of which comprises a 
valve blade and a valve frame. This provides advantages regarding the axial 
tolerances between the components. The continuous actuating shaft can be 
made, for instance, of steel so that shrinkage of the valve blades in axial 
direction can be largely avoided. Under this condition, the metal actuating 
shaft can advantageously be completely surrounded by and embedded in the 
injection molded- valve material to shield it against corrosion. 

According to a special embodiment of the invention, the actuating shaft 
can be crimped in the areas where the valve blades are assembly injection 
molded onto the shaft in order to increase the magnitude of the torques that 
can be transmitted from the actuating shaft to the valve blades. In addition to 
adhesion of the valve material to the actuating shaft, the form-fit connection 
with the injection-molded material obtained by crimping can then also be used 
for torque transmission. This crimping of the actuating shaft is useful 
particularly if the actuating shaft is tubular. Of course, there are other ways 
to obtain an outer contour of the actuating shaft that deviates from a circular 
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cross section. It is possible, for instance, to form the actuating shaft from a 
profile section. 

These and other features of preferred embodiments of the invention, in 
addition to being set forth in the claims, are also disclosed in the specification 
and/or the drawings, and the individual features each may be implemented in 
embodiments of the invention either alone or in the form of subcombinations 
of two or more features and can be applied to other fields of use and may- 
cons titute advantageous, separately protectable constructions for which 
protection is also claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in further detail hereinafter with 
reference to illustrative preferred embodiments shown in the accompanying 
drawings in which: 

Figure 1 is a section through the end of an internal combustion engine air 
manifold or suction pipe with two outlet ports per cylinder; 

Figure 2a is a sectional view taken along section line A— A through a valve 
module according to Figure 1; 

Figure 2b is a sectional view taken along section line B— B through a 
valve module according to Figure 2a; 

Figure 3a is a top view of a valve assembly with a one-piece actuating 
shaft, and 

Figure 3b is a sectional view taken along section line C— C according to 
Figure 3a. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Production of the valve assembly with a one-piece actuating shaft 
requires a modification of the prior art injection molding process at the time 
of assembly. The forming tool used must make it possible simultaneously to 
produce at least all the control valves that are used in a control valve 
assembly. This is achieved by combining the molding for each control valve 
into one mold cavity. The mold cavities are rotatably supported on the forming 
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tool. The seats for the shaft are formed by core inserts that are laterally 
inserted into the mold cavities and must be removed prior to casting in the 
shaft. This requires a certain operating clearance in axial direction relative to 
the shaft for the core inserts. Since this clearance is not generally available 
due to the required spacing between the control valves, the mold cavities can 
be twisted for optimal accessibility for handling tools. It is advisable to produce 
the valve frames in a position of the mold cavities in which the orientation of 
the holes located in the valve frame is at a 90° angle to the orientation of the 
common valve shaft. In this position, the pin-shaped moldings can be made 
from the associated seats without too much complexity and due to the identical 
ejection movement can even be combined in all the mold cavities on one 
handling device. Subsequently, the apertures can be rotated by 90°, so that the 
shaft can be introduced into the seats of the individual control valves. 

Figure 1 shows a detail, cross-sectional view of a portion of a suction 
pipe, namely the part comprising a flange 10 to be mounted to the cylinder 
head of an internal combustion engine (not shown). In this area of the suction 
pipe, the inlet ports 11 lead from a plenum (not shown) to outlets 12 which 
lead to the engine cylinders. For each cylinder of the internal combustion 
engine, two inlet ports are provided. Coolant channels 13 may be arranged 
between the inlet ports. 

One of the two inlet ports 1 1 leading to the cylinders can be closed by a 
control valve 14. These control valves comprise valve blades 15, which are 
produced by assembly injection molding in a valve frame. In addition, the 
control valve frame is provided with a positioning pin 17 which is received in 
a hole or receptacle 18 to fix the position of the control valve assembly seated 
flush against the suction pipe. 

Figure 2a shows the structure of the control valves 14. The valve blades 
15 are supported on a or shaft rotatable about an axis 20 extending through 
the valve frame 16. To prevent relative rotation between the valve flaps and 
the shaft, the valve blades are assembly injection molded around non-circular 
portions formed on the shaft. Due to shrinkage of the injection-molded valve 
15 after it is produced by assembly injection molding in the valve frame 16, a 
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narrow gap 21 is created between the edge of the control valve flap 15 and the 
frame 16. This gap ensures proper functioning of the control valve and 
permits certain angular tolerances between the individual control valves. If 
angular tolerance variations do occur, this gap is even reduced by a certain 
amount since the diagonal of the valve in cross section may be longer than the 
diameter of the control valve standing horizontally in the valve frame. 

Figure 2b illustrates how the control valve 14 can be supplemented by 
adding a shaft extension 22 to a valve module 23. At its end, this shaft 
extension has a shaft lug 24 that can be inserted into the shaft seat of an 
adjacent valve module (not shown in this Figure). The illustrated shaft module 
also has a shaft seat 25, which is suitable to receive the drive shaft lug of an 
adjacent valve module (not shown). The shaft extension 22 is produced as one 
piece together with valve blade 15. This component has conical portions 26 
that correspond with mating bearing surfaces 27 in valve frame 16. To 
increase the torsional rigidity of the shaft extension 22, a steel insert 28 may 
be used, which is completely embedded within the shaft by molding the shaft 
around the insert during the assembly injection molding process. 

Looking again at Figure 1, an example of how the valve module 23 is 
installed can be seen. In this example, two valve modules are used, and the 
valve extension 22', terminating in the shaft lug 24, is inserted into an end 
bearing 29. This bearing can be fixed in place as described above for the valve 
frame by positioning pins 17a in a mounting hole 18 of the suction pipe. The 
shaft seat 24' of the other valve module is used to connect a schematically 
indicated drive motor 30. This results in a control valve assembly that can be 
adjusted about the axis of rotation 20. It is used to close and/or open every 
second inlet port 11. A continuous or stepless adjustment is also feasible. One 
of the shaft extensions 22, 22' extends through each of the other inlet ports, 
respectively. The intake air can readily flow around this shaft extension, 
irrespective of the position of the control valves. The central connection shown 
between shaft journal 24 and shaft seat 25 between the two valve modules has 
an axial play compensation 31 to compensate for production and mounting 
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tolerances in axial direction. The amount of this axial play compensation 
depends on the length of the shaft extension 22. 

Figure 3a shows a top view of a control valve assembly. This assembly 
is produced by an assembly injection molding process. The control valves 14 
are molded onto and around a continuous actuating shaft 32. This shaft thus 
connects the individual valve blades 15 with one another in a torsionally rigid 
manner. 

As shown in Figure 3b, the valve blades 15 are supported in the 
associated valve frames 16 in the same manner as described in Figure 2b. The 
actuating shaft 32 is provided with crimped areas 33, which secure the valve 
flaps against rotation relative to the shaft and thereby increase the torques 
that the actuating shaft is capable of transmitting to the valve. 

The foregoing description and examples have been set forth merely to 
illustrate the invention and are not intended to be limiting. Since 
modifications of the described embodiments incorporating the spirit and 
substance of the invention may occur to persons skilled in the art, the 
invention should be construed broadly to include all variations falling within 
the scope of the appended claims and equivalents thereof. 
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